Microorganisms are well known for their ability to catalyze practically every type of reactions in nearly all classes of natural or xenobiotic organic compounds. As a result, microorganisms and their enzymes are widely employed in the synthesis of organic compounds and modification of the structures of abundantly available prototype compounds [1] . Microbial transformations are used as a general means to synthesize steroidal drugs that are difficult to be synthesized by conventional chemical procedures. 11-Ketoprogesterone (pregn-4-ene-3,11,20-trione; C 21 H 28 O 3 ) (1) is an important regulatory hormone, which was initially isolated from adrenal glands [2] . It showed a potent inhibitory activity against 11β-hydroxysteroid dehydrogenase, which plays an important role in inflammation, salt retention, hypertension, obesity, diabetes, and occular hypertension [3] . Biotransformation of 11-ketoprogesterone (1) with various microorganisms and plant cell culture has been reported previously [4] [5] [6] [7] .
In continuation of the studies on biotransformation of bioactive compounds [8] [9] [10] [11] , fermentation of 1 by various fungal strains, resulted in synthesis of transformed analogues 2-11. These metabolites were unambiguously identified as pregna-1,4-diene-3,11,20-trione (2), androsta-1,4-diene-3,11,17-trione (3), 17β-hydroxy-androsta-1,4-diene-3,11-dione (4), 15α,17β-dihydroxy-androsta-1,4-diene-3,11-dione-17-acetate (5), 15α-hydroxy-pregna-1,4-diene-3,11,20-trione (6), 6β,15α-dihydroxy-pregna-1,4-diene-3,11,20-trione (7), 15α,17β-dihydroxy-androsta-1,4-diene-3,11-dione (8), 16α,17β-dihydroxy-androsta-1,4-diene-3,11-dione (9), 15α, 20R-dihydroxy-pregna-1,4-diene-3,11-dione (10), 15α, 20S-dihydroxy-pregna-1,4-diene-3,11-dione (11). These include three known (2-4) and seven new polar metabolites (5) (6) (7) (8) (9) (10) (11) . The structures of these metabolites were determined by spectroscopic studies and comparison with the spectral data of the substrate 1 and related other compounds. It was observed that Fusarium lini was one of the most efficient microorganisms to metabolize compound 1.
Experimental

Chemicals and instruments
11-Ketoprogesterone (1) was purchased from MP Biomedicals. Silica gel precoated plates (Merck, PF 254 ; 20 × 20, 0.25 mm) were used for TLC based purification. Silica gel (70-230 mesh, Merck) was used for column chromatography. Melting points were determined with a Buchi-535 apparatus and were uncorrected. Optical rotations were measured in methanol with a JASCO DIP-360 digital polarimeter. UV Spectra (in nm) were recorded in methanol with a Hitachi U-3200 spectrophotometer. Infrared (IR) spectra (in cm -1 ) were recorded in chloroform with an FT-IR-8900 spectrophotometer. The EI-MS were measured on a double focusing mass spectrometer (Varian MAT 312) while HREI-MS were recorded on Jeol JMS-HX 110 mass spectrometer. In all experiments, one control flask without biomass (for checking substrate stability) and one flask without exogenous substrate (for checking endogenous metabolite) were used. After 14 days, the culture medium was filtered and extracted with chloroform (12 L) in three portions. The extract was dried over anhydrous Na 2 SO 4 , evaporated under reduced pressure and the resulting brown gum (2.0 g) was analyzed by thin-layer chromatography (silica gel).
Isolation and identification of transformed products
The crude gum was dissolved in methanol, absorbed on silica gel (2 g) and subjected to column chromatography. The eluent system consisted of gradient mixtures of petroleum ether and chloroform, followed by methanol. λ max (log ε), 238 nm (3.80).
17α-Hydroxy-androsta-1, 4-diene-3, 11-dione (4)
Crystalline 
Results and Discussion
11-Ketoprogesterone (1) was efficiently transformed by F. lini in fourteen days. This yielded ten oxidative metabolites, 2-11 ( Fig. 1) . Metabolites 2-4 were found to be known compounds [12] [13] , while 3 and 4 were early reported as biotransformed products of adrenosterone [13] . Compounds 5-11 were found to be new metabolites. The stereochemistry of C-15 OH was assigned to be α on the basis of NOESY correlations between H-15β (δ 4.17) and Me-18 (δ 0.67). From this data, the structure of 6 was deduced as 15α-hydroxy-pregna-1,4-diene-3,11,20-trione. with an additional signal at δ 4.56, which was assigned to H-6, geminal to an OH. The stereochemistry of C-6 OH was assigned to be β on the basis of NOESY correlations between H-6 (δ 4.56) and H-9 (δ 2.00). From these data, the structure of metabolite 7 was deduced as 6β,15α-dihydroxy-pregna-1,4-diene-3,11,20-trione. 6 ). The upfield shift of the methyl C-21 signal by about 7 ppm suggested the reduction of the vicinal C-20 ketonic carbonyl to hydroxyl functionality. This was deduced by the HMBC correlations. C-20 was assigned to be R [15] . The structure of metabolite 10 was thus identified to be 15α, 20R-dihydroxy-pregna-1,4-diene-3,11-dione. configuration at the C-20 of metabolite 11. Based on the above data, the structure of metabolite 11 was deduced as 15α, 20S-dihydroxy-pregna-1,4-diene-3,11-dione, an epimer of 10.
In conclusion, incubation of 11-ketoprogesterone (1) with filamentous fungi F. lini yielded various oxidative metabolites, resulting from ∆ 1,2 dehydrogenation, hydroxylation, reduction, oxidative cleavage of side chain and Baeyer-Villiger oxidation of 1. Reduction of C-20 carbonyl group occurred, followed by cleavage of side chain to form androstane derivatives. In the case of reduction of C-20 carbonyl group, it was found to be nonstereospecific, giving rise to both R and S isomers. However interestingly no reduction of C-11 ketonic carbonyl group was observed. These transformation showed high stereoselectivity and are therefore difficult to synthesize by general chemical means. This work therefore demonstrates the tremendous mechanistic advantages of microbial transformations, as compared to conventional chemical conversion.
